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Abstract This study reports the isolation and character-
ization of 28 polymorphic microsatellite loci developed
from black carp (Mylopharyngodon piceus), which is an
important freshwater fish in China. The polymorphism was
assessed with 32 individuals. Results showed that the
numbers of loci alleles ranged from 2 to 19, and the values
of observed and expected heterozygosities were from
0.2609 to 1.0000 and from 0.2417 to 0.9385, respectively.
These markers are potentially useful for black carp popu-
lation genetics analysis.
Keywords Black carp  Mylopharyngodon piceus 
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The black carp (Mylopharyngodon piceus) is one of the
four Chinese major carps which ranked 14th in world fish
production (FAO 2007). In China, the Yangtze River har-
bors the most important natural population of this species.
However, the construction of the Three Gorges Dam in the
Yangtze River apparently influenced the abundance of fish
larvae. An investigation in the middle reaches of the
Yangtze River during years from 1997 to 2005 indicated
that the proportion of the four Chinese major carps’ larvae
decreased year by year from 9.77 to 0.85 % of the total
larvae abundance, and in these four carps, the proportion of
black carp larvae decreased from 21.4 to 4.25 % during
1997 to 2005 (Duan et al. 2009). Tang (2010) investigated
the fish larval resources in the upper reaches of Yangtze
River and no larval of black carp was found. Small or
declining populations are more prone to extinction than
large stable populations (Frankham et al. 2004). Thus
conservation of the black carp species should be of great
concern.
Despite its economic importance, only a few studies,
mainly by allozyme evaluation, RAPD and RFLP, have
been carried out to assess the genetic variation of this
species (Zhao and Li 1996; Lu et al. 1997; Fang et al.
2004). However, more detailed investigations are required
to elucidate the genetic structure and population dynamics
in black carp by highly polymorphic markers such as
simple sequence repeat (SSR) sequences. Therefore, we
isolated and characterized 28 polymorphic microsatellite
loci in black carp to gain a knowledge of its population
structure and also to provide us with the forensic tools to
manage and monitor this fish.
In this study, microsatellite loci were isolated using the
FIASCO (Fast Isolation by AFLP of Sequences containing
repeats) protocol from Zane et al. (2002). The genomic
DNA from the muscle tissue of one black carp was
extracted using the Axygen Genomic extraction DNA Kit
(Axygen Biosciences) and was used to construct the
microsatellite-enriched library. The genomic DNA was
digested with MseI restriction enzyme (Promega) and
ligated to MseI adaptors (50-TACTCAGGACTCAT-30 and
50-GACGATGATAGTCCTGAG-30). The reaction product
mixture was amplified with adaptor-specific primer MseI-N
(50-GATGAGTCCTGAGTAAN-30, N = A, T, C or G)
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under the optimal conditions in order to obtain more
essential DNA fragments. Then the amplification products
were hybridized to biotinylated probes [(AC)8, (CT)8,
(GGT)8, (GATA)8 and (GATT)7] and captured by strep-
tavidin-coated magnetic beads (streptavidin magnesphere
paramagnetic particles, Promega). Eluted enriched geno-
mic products were PCR amplified with primer MseI-N and
ligated into plasmid cloning vector pGEM-T using the T4
DNA ligase (Promega) and transformed into competent
cells Escherichia coli DH5a.
Colonies were randomly selected and screened by PCR
using M13 forward and reverse primers to verify positive
colonies. 305 positive colonies were sequenced and SSR-
Hunter program (Li and Wan 2005) was used to determine
whether microsatellite repeated motifs were contained
within the inserts. Duplicate clones as well as clones
containing SSR regions that were either interrupted or
shorter than five repeats were excluded. Then meaningful
sequences were used for microsatellite primer design.
Sixty-three primer pairs were designed using Primer3
software (version 0.4.0, http://frodo.wi.mit.edu/primer3/)
and synthesized by Shanghai Sangon company.
Primers were tested on 32 individuals of black carp
collected from Dongting Lake, with whose genomic DNAs
were extracted using the salt-extraction method (Aljanabi
and Martinez 1997). PCR reaction mixtures (10 ll final
volume) contained about 20–50 ng of template DNA,
0.3 ll dNTP Mixture (10 mM), 1 ll Mgcl2 (25 mM), 1 ll
10 9 Taq Buffer with (NH4)2SO4, 0.3U Taq DNA Poly-
merase (Fermentas), 0.2 lM each primer and 6 ll ddH2O.
The PCR conditions were at 94 C for 4 min, then 30
cycles with 30 s at 94 C, 30 s at the annealing tempera-
ture (see Table 1) and 30 s at 72 C, and a final elongation
step of 10 min at 72 C. The PCR products were separated
by electrophoresis on 8 % nondenaturing polyacrylamide
gels using pBR322 DNA/MspI and PUC18 DNA/MspI
(Tiangen) as size markers to score the allele sizes. Elec-
trophoresed gels were stained with ethidium bromide and
viewed under UV light with GeneSnap software (Syngene).
The number of alleles (A), observed heterozygosity (HO),
expected heterozygosity (HE), p value for test of Hardy–
Weinberg equilibrium (P) were calculated using the soft-
ware package POPGENE 1.32 (Yeh et al. 2000).
28 of 63 pairs of primers were tested to be polymorphic
loci (Table 1) and yielded interpretable and reproducible
PCR products with the number of alleles ranging from 2
(Q373) to 19 (Q509). The expected heterozygosity ranged
from 0.2417 to 0.9385. The observed heterozygosity ran-
ged from 0.2609 to 1.0000. Significant deviations from
HWE were detected at 17 loci (Q142, Q173, Q182, Q247,
Q255, Q260, Q277, Q293, Q318, Q376, Q392, Q414,
Q428, Q459, Q504, Q507 and Q571, all p \ 0.05) (Table 1).
No linkage disequilibrium between any pair of loci was
observed. These polymorphic primers presented here
would be very useful for exploring the population genetics
of M. piceus in future researches.
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